SUMMARY Dogs with naturally occurring aerobic or anaerobic bacterial overgrowth have been examined before and after antibiotic therapy in order to assess reversibility of damage to the jejunal mucosa. Histological changes in peroral jejunal biopsies were relatively minor before and after treatment, but sucrose density gradient centrifugation revealed specific biochemical abnormalities that responded to antibiotic therapy. Aerobic overgrowth was initially associated with a marked loss of the main brush border component of alkaline phosphatase activity; this recovered following treatment, suggesting that aerobic bacteria may cause reversible damage to the hydrophobic region of the brush border membrane. In contrast, anaerobic overgrowth was initially associated with a marked reduction in brush border density, indicative of a considerable fall in the glycoprotein-tolipid ratio of the membrane. Density increased from 1.17 to 1.21 g/ml after antibiotic therapy, consistent with recovery from this relatively severe damage to the brush border caused by anaerobic bacteria. Reductions in soluble and peroxisomal catalase activities which could compromise mucosal protection against free radicals in dogs with aerobic overgrowth, and a loss of particulate malate dehydrogenase activity indicative of mitochondrial disruption in dogs with anaerobic overgrowth, were also reversed after treatment. These findings indicate that aerobic and anaerobic bacterial overgrowth can result in contrasting but potentially reversible damage to the jejunal mucosa which would not be detected by conventional investigative procedures.
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Anaerobic 5-54 (Cl w)*, 3.4 (Ec) [4] [5] [6] [7] [8] [9] (Sf), 4 The specific activities of brush border enzymes in jejunal biopsy specimens from control and affected dogs before and after antibiotic therapy are shown in Table 3 . Activity of alkaline phosphatase was initially reduced in both affected groups, and increased following treatment in seven of the eight affected dogs (p<O0O5, Wilcoxon's signed-rank test) to mean values which were not significantly different in either group from that of the controls. In contrast, specific activities of disaccharidases, aminopeptidase N and y-glutamyl transferase were not significantly affected by antibiotic therapy, and were comparable in the control and affected groups both before and after treatment. Table 4 shows that treatment had relatively little effect on the specific activities of marker enzymes for basolateral membranes (5'-nucleotidase), lysosomes (N-acetyl-,3-glucosaminidase, acid phosphatase), mitochondria (malate dehydrogenase), or endoplasmic reticulum (Tris-resistant a-glucosidase) in jejunal biopsy specimens from affected animals with either aerobic or anaerobic overgrowth. Mean specific activities of lysosomal and endoplasmic reticular enzymes were higher in the dogs with aerobic overgrowth than in the controls before and after treatment, although for the lysosomal enzymes these differences before treatment did not reach statistical significance. In contrast, mean catalase activity (peroxisomes), which was initially reduced in the group with aerobic overgrowth, had doubled following treatment and was then not significantly different comparing these affected with the control animals. In the animals with anaerobic overgrowth, mean specific activities of all these organelle marker enzymes were comparable to those in the control group both before and after treatment. 5 show the relative specific activities and density gradient distributions of marker enzymes in jejunal biopsy specimens from control and affected dogs before and after antibiotic therapy. Data before treatment and relevant control data have been presented previously. 8 Figure 1 shows that treatment of the dogs with aerobic overgrowth was associated with marked recovery of the main brush border component of alkaline phosphatase activity which was severely reduced before treatment; there was now a distinct peak at modal density 1-21 g/ml comparable with that in the controls. In contrast, antibiotic therapy had relatively little effect on the distributions of the other brush border marker enzymes. Apart from relatively minor increases in the main brush border components of zinc-resistant ca-glucosidase (maltase) and aminopeptidase N activities after antibiotic, distributions both before and after treatment were comparable with those in the control group. Figure 2 shows that antibiotic therapy had a major effect on the severe brush borders abnormalities in biopsy specimens from animals with anaerobic over- (Fig. 3 ) and anaerobic overgrowth (Fig.  4) were relatively unaffected by antibiotic treatment. In the latter group (Fig. 4) skewed into the denser fractions. In addition, Figure  5 shows that there was a major change in the distribution of catalase activity in biopsy specimens from the dogs with anaerobic overgrowth, reflecting some decrease in soluble activity and recovery of a particulate peroxisomal peak of modal density 1-21, comparable with that in the controls. Figure 5 tion clearly showed recovery of brush border activity after antibiotic therapy, while there was little effect on the lighter membranous and soluble components of enzyme activity. This indicates that the initial decrease in brush border alkaline phosphatase activity was not an underlying or coincidental abnormality, and supports the suggestion that a loss of alkaline phosphatase reflects a direct effect on the brush border membrane,`7 by a mechanism involving bacteria, bacterial secretions, or perhaps bacterial metabolites such as deconjugated bile salts and hydroxy fatty acids.2 Indeed, it seems unlikely that an indirect consequence of bacterial overgrowth -for example, a specific nutritional deficiency affecting enterocyte maturity, rate of enzyme synthesis or enzyme activity -could have such a specific effect on brush border but not on other subcellular components of alkaline phosphatase activity. Certainly, activities of brush border enzymes do not appear to be reduced by caloric or protein deprivation alone."3' In addition, although malnutrition has been shown to accelerate the development of disaccharidase deficiencies in the experimental blind loop syndrome, this effect is thought not to be indirect but to be mediated by luminal bacteria, perhaps after alteration to the luminal environment or to mucosal defences. 2 In contrast with findings in the experimental blind loop syndrome, in the present study disaccharidase activities were not affected in the animals with aerobic overgrowth either before or after treatment, emphasising the specificity of the changes in brush border alkaline phosphatase. Because alkaline phosphatase appears to have a strong lipid association32 and to be more resistant to release from the membrane than disaccharidases, which are relatively exposed at the membrane surface,3334 it seems most likely that the effects on brush border alkaline
phosphatase activity before and after treatment reflect damage and subsequent recovery of the hydrophobic region of the brush border membrane.
Antibiotic therapy also resulted in considerable improvement in the relatively severe damage to the brush border in the dogs with anaerobic overgrowth. Damage was evidenced by a decrease in modal density, suggestive of a marked fall in the glycoprotein-to-lipid ratio of the brush border membrane. Restoration of normal brush border density after treatment was associated with an alteration in the composition rather than a marked decline in the magnitude of the overgrowth flora, with a notable loss of Clostridia spp. In these dogs, and also in the dogs with aerobic overgrowth, it is possible that total numbers of bacteria might have been more markedly reduced during the treatment period than was evident from the samples obtained after treatment. Some recolonisation might have occurred between last antibiotic administration and resampling, a period intended to minimise interference from any direct effect of oxytetracycline on the mucosa. Nevertheless, a loss of specific obligate anaerobic bacteria, notably Clostridia spp, may be particularly relevant to the recovery of normal brush border density after treatment of the dogs with anaerobic overgrowth. This association is consistent with a normal brush border density in dogs with aerobic overgrowth." Furthermore, anaerobes have been particularly implicated in the synthesis of glycosidases in the experimental blind loop syndrome," and in the present study these enzymes could have been responsible for removal of oligosaccharides from surface glycoproteins or glycolipids resulting in the decreased brush border density observed in the dogs with anaerobic overgrowth before treatment.
Study of a larger group of dogs with overgrowth'8 has indicated that while alkaline phosphatase activity is reduced in animals with aerobic overgrowth this is not a consistent finding in dogs with anaerobic overgrowth. Similarly, alkaline phosphatase activity has been reported to be affected in some9 "' but not other" 12 studies of animals with anaerobic overgrowth in experimental blind loops. The present study emphasises that although alkaline phosphatase activity may be reduced in individual cases, anaerobic overgrowth can be associated with severe, generalised, and potentially reversible damage to the brush border membrane which would not be detected by coventional biochemical investigations, such as the assay of disaccharidase activities.
Apart from an effect on peroxisomes discussed below, antibiotic treatment resulted in relatively little alteration to the other principal subcellular organelles in either group of dogs with overgrowth. In the dogs with aerobic overgrowth, activity of particulate Tris-resistant a-glucosidase remained considerably raised, suggesting that a proliferation of the endoplasmic reticulum might be present before and after treatment. In the dogs with anaerobic overgrowth, Tris-resistant a-glucosidase was skewed into the denser particulate fractions after treatment, suggesting some increase in the proportion of rough to smooth endoplasmic reticulum. At present, the importance of these findings is speculative. 
